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Chapter Five 



ULTRASONIC MEASUREMENT SYSTEIV 


MS 


Jitrasound refers to sound waves at frequencies hich°rt’ J 

range of the human ear, i.e. at frequencies greater t’ 

.it 18 kHz. Ultrasonic wavpc nhpu fho o n i__ • 


* — greater than 

zoout j 8 kHz . Ultrasonic waves obey the same basic . 
wave motion as lower frequency sound waves; they had 


^SXy’ ^ however, the following advantages: 

(1) Higher frequency waves have shorter wavelengths; J 

-• mean s that diffraction , . . 


^ - ' — — vvaveiengms; tins, 

* ; T ^ means that diffracti °n or bending around an obstacle of 

T '"Oy > glve " dimensions is cottespondinglv reduced. It 1 

thueroie easier to direct and focus a beam o: 
ultrasound. 

(2) Ultrasonic waves can non 

. Pass easily through the metal walls 

P*p^s and vessels ti ■ 

Sels - Phis means that the entire 

measurement svstem 

ex+pr . ' ,T1 can be mounted completei) 

Eternal to the f i n * H . 

extremely ‘ ’ iS ^"-destructive. This 4 

with corrosive W ‘' h h ° St ‘ le tluids ’ such aS H 
properties, ‘° aCtiVe ’ ex P'°sive or flanW^j 

occu rringwi t h!i e * 3,30 n ° Possibility of block* 

Bui* „ sllirr . & 1 




r c' , 
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(3) U,traS ° Und Can b£ ‘inched into and oro'pagated , 
through biological tissue, making it useful for medical 7 
applications. 

(4) T he silence of ultrasound means that it has important 
military applications. 

This chapter studies ultrasonic transmitters and receivers, 
and the principles of transmission, and examines a range of 
ultrasonic measurement systems. 

I Basic ultrasonic inwsmisswii link 


This forms the basis of any ultrasonic measurement system 
and is shown in Figure 1. It consists of an ultrasonic transmitter, 
the transmission medium and an ultrasonic rec-hei- The most 
commonly used devices for ultrasonic transmitters and receivers 

are piezoelectric sensing elements. 

The piezoelectric effect is reversible, lev mechanical 

ener gy can be converted into 'electrical energy and electrica 
ener 8y into mechanical. The ultrasonic transminer uses the 
*** Piezoelectric effect; if a sinusoidal voltage Vs sin cot is 
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. i then the costal undergoes a 
applied » the transmitting cry* ^ - - 

conespondjngsi^^i^i 0 ™" " 

-/ . . , fhe crystal is transmitted to the particles at 

This vibration of th *7 

V of the medium, and these are set m smuso.dal 

the egmmr = until eventually the 

motion, causing other particles 

V disturbance is transmitted to the other end of the medium. 

These sinusoidal particle displacements Sv-i up cx\ 
accompanying sinusoidal pressure or stress in the medium. 




Signal 

generator 



effect 


Figure 1 : Basic ultraso 


nic transmission link 


dnis is detected by th° nltro • • Jv 

/ ^ ultrasonic receiver, which is simp>> 

' S6nSOr l ' Smg ^ direct Electric effect. The fluctuating 
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, , e ioctgo£^S^ Ativcto ^ e 

r.ooral wave velocity 




Figure 5: Doppler Effect. 




Exam- Us of ultrasonic measurement systems 






-.1 Pulse echo system 


aeons as 


r;gure 6(a) shows a typical system. A piezoe 


transmitter/ receiver is attached to medium >'■ lhe 

chanccaistic impedances of media 1 and 2 are substan^ 1 - 

uinereat W nsn ^ jils^ 

e cr>stal a «s as a transmitter, an °s« li: 1 
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jviflc? 


'niisoidai voltage at radio frequency /is connected to 

rtg cl 

i for a time T sv using switch A. Thus a pulse of 
crystal 

^ 0 f vvidth 7/ enters medium 1 and most of the pulse 
Ll * tra . re fiected at the boundary of medium 1 with medium 2. 
enC '/ccted p U ) se returns to the crystal at a tunc 7 T after ttie 

The ^ * Since T t is the time for the 'round trip' of distance 
outgoing P 

2/ then: 


21 

T r —r- 


[ 18 ] 


/ is the distance of the interface from the crystal a 
V here 7 . , The crystal now acts as a 

^^e'oeityofscund-n^d ^ int0 a voltage >.s, 

receiver and converts the reflecte P ^ [he ccho signal 

Switch B is now closed so that "« P“ “ ^ , squared 

Chinning circoi. where i, is 
up' using a Schmitt trigger. 

• rr nnd reflected 

. * ij se d outgoing 

Figure 6(b) shows the ice pass t0 - a logic circuit * 

Mse waveforms. These pulse wa u j se and that of 

f the outgoing P U1 , 

Whi d) detects the leading edge on pU lse signal 

the fct reflected pulse; the resulting 
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uic udjiMi time tt,- 

'• 1 nis is 


which is in the "l" state dunm 
control a counter which also receives clock nufr-c , , 

r at 

from the signal generator. The total count N during ‘^^7 

W 

is therefore N=fT This is transferred to a mic-o-'n- 

controller gy. 

parallel digital signal. The comouter calculate -r* - 

1 r from _v 

uses equation [18] with a known value nf ^ t _ 

iu.u / -ft 

measurement is complicated by the C r^=r* 0 . 
reflections or ’echoes'. Pan of the first reflected — ■ 


at the boundary of medium 1 and the crystal =- -• 
at the boundary of media 1 and 2 to sive a 




-cond re* ec*--' -y>i~- 

— >- i. _.cr 


The 


piocess is repeated rnqryvr 

h & <-cu man} times, the a — 

reflected pulses dy ~ J 

' 3nd reflecti °n losses at the boundaries F‘ 
multiple reflected i n es. Figure 6(b) shows es 

fleeted pulses. The f o!lowi 

beyed b >' 'he pulse signal: 


Ting away due to attenuation losses in median 


"mg conditions should be 




\ -v .. 


p U l se width r -u 

■‘it- should b^ i— 

penod ///of the sound " " 

5 °und wavi»- +u* 

ma ny cycles. i e „ lfr . ’ UJS ensures tha: ** 

lC,ent ener gy> in each puls 
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(/♦/ 
t *♦ 


fhe 


cit time 77 should be large compared with the 
traflS‘ l 


b) 1 j * to avoid interference between out 

pu l se vv 


refle cted pulse: 


r r > r„ 


[20] 


. , ^petition time 7> berwc.n suece.*. ongoing pul— 

" „ld be large compared with tmn.it Ita r« 
w teflection., following one on, going P— 
etienueted before the ne» enters the mateoel. 


T n >Tr 


[ 21 ] 


_ n „ in characteristic impedance 

Because of the large differs - • us ed for 

thi~ method can 

^veen most solids and air, b . ^ re also 

Action techniques arc 

-kness measurement. Pube w -«ls. Here 

:r -only used for the detection u • is small 

•i J ency f is chosen so that m- - 0 '" 

j »o detect. 

,pare d with the size of defects it i;5 L * w 

n ,uj 0 ri technique 5 is 
r eflecuou 

important application ot m" wS ' m/a) sho %v > 

V; . hociv. Fig u - v 

‘ Paging" of areas of the human ~ - 
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in simplified form, the various layers of tissue The cl 

impedance of these layers will be different- f 0r act ° r isti c 

impedance of bone is around 0 8 x If) 7 ' ample ’ h 

1U w hereas that r 

biological tissue is around 0.15 x 10 7 . A piezoelectri ' ° ^ 
iS P ' aCed 0n a matchin g la y er - This minimises internal 

at the boundary and the problem of multiple echoes. ^ CCt '° nS 

I . 

_ Fie ” 7(b> !h0 ” S “* CRT obiained „ hen 
F ' g " 6 » uwl-wi* ,h« :|,,. r of !> ®» 

Wises conespond to W "" 

***- «« taMmes "7™-^ 

between successive * * «» —* 

thickness of each layer. ’ * " WM » I 


■ This trace, referred to as an A 

difficult to intemret- » A ' scan display, is rs 

interpret, a more realistic im, • 

dimentional i mage ( B . scan) 86 ‘ S ° btained using 

connected to two displacement s ' SPlay ’ ^ ^ transdl ' Ce 

* and y Position coordinate SenS ° rS Wh ' Ch measure transd 

s °u the body surface. 
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Figure 6: Pulse echo Technique. 


Tl. output voltage of the > ««»' « 

«. CRT and a voltage P™”™” » ^ f pl «, Tte 
,e|1 ed through the body, is a PP ^ opor tional to the 
Alness of the image on the scree corr esponds to a 

t'sducer output voltage so that. 
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> » 1 
% V ^ V % W W 4 W ^ • 


Sv keerina the transducer ^-coordinate iixcci and adiu -•;« 
the x-coor&ute. as intags of the body in the x-z plane is built J 

t 

and s:ored (Figure “(c)). Thus the 6-scan images a "slice” through 


* •> di *>a -% * a r ^ C*M r*r ■; 'Ji 

*-• ‘ v " L V. ^ % UV» 4 1 4 t • IV. V* .V w w*i 4 W« S. ^ . 


Ano * er alternative is the C-scan display; this is an image 

^ w 

o. u.e coay tn me x-v plane, i.s. a slice parallel to the surface of 
the body. This is obtained by applying x sensor output voltage to 
*e CRO A' plates andy sensor output voltage to the K plates and 

113,115 2 m0dU “ ti0n - F5?Jre $ sh0 " 5 a C-scan display of a hunj 


ioe?js. 


£2 Time-n f-flioU t 

mmiOFD) svste 


stem 


Conventional ulr~-,-w 

measu-e . ° technic l l,es such as pulse 

t0 ^cate and size fl aw * T "‘“ 0 and the si S naI amp 

uaw^. i n pu . 

reflected puh^ ^ " ^ n °’ amplitude < 

• - mtluenced hv « 

dimensions of th- r -fi * . ' Parameters other tha 

'--.lector (such a ? 

tra nsparency and surf* ' 3 trie 0r t en tation of the 

. surface roughs- \ 

not always provide reliaki * * S ’ theref °re, pulse-ech< 

Stable or accural o* • 

MZln § information. 
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